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PROBLEM TO BE SOLVED: To provide a volume 
hologram recording medium which has the various 
functions possessed by an inorganic particulate and the 
workability and ease of molding possessed by a 
macromolecule in combination. 

SOLUTION: The composition for volume hologram 
recording which is a composition for volume hologram 
recording to record the interference fringes generated 
by interference of coherent light by differences in 
refractive index, contains (a) a compound (functional 
compound) having «1 polymerizable functional groups, 
(b) a photopolymerization initiator and (c) the 
inorganic particulates, and the volume hologram 
recording medium using the same are provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the volume hologram record medium which records an 
interference fringe with the refractive- index difference inside a record layer, and the constituent for 
volume hologram record which uses for the record layer. 
[0002] 

[Description of the Prior Art] if a hologram records the pattern which two interference fringes make on 
sensitive material and a reference beam and the laser beam same from the same direction are applied to 
this - a basis - a stereoscopic model [ be / it / just like that of a location with a photographic subject ] is 
reproduced, and it is visible This hologram technique is expected in the bulk memory of a three- 
dimensions image display device, an image, and bit information, and the field of a diffracted-light study 
component. 

[0003] A hologram is classified into some classes according to the record gestalt of an interference 
fringe. In recent years, the so-called volume hologram which records an interference fringe with the 
refractive-index difference inside a record layer is being applied to applications, such as a three- 
dimensions display and an optical element, by the high diffraction efficiency and outstanding 
wavelength selectivity. As a sensitive material which records such a volume hologram, although a silver 
halide and dichromated gelatin have been used from the former, since a wet developing and complicated 
development fixation processing are needed, for producing a hologram industrially, it is unsuitable, and, 
as for these, after record has the trouble of an image disappearing according to moisture absorption etc. 
[0004] In order to **** the trouble of the above-mentioned conventional technique, producing a volume 
hologram only by simple dry type processing using a photopolymer is proposed by U.S. Pat. No. 
3,658,526, U.S. Pat. No. 3,993,485, etc. moreover, also about the presumed formation mechanism of the 
hologram by the photopolymer An "applied optics (APPLIED OPTICS)" [B.L. booth (B. L.Booth), The 
14th volume, No.3, the 593 - 601st page (1975) and W.J. Tomlinson (W. J.Tomlinson), E.A. Chilian 
dross (E. A.Chandross), etc. are introduced by the 15th volume, No.2, 534 - 541st page (1976)], etc. 
However, these techniques of the beginning were less than the Prior art in respect of the refractive-index 
modulation which is the especially important engine performance. 

[0005] In order to use the plasticizer of non -reactivity etc. as the amelioration technique in order that 
these may raise refractive-index modulation ability although U.S. Pat. No. 4,942,102, U.S. Pat. No. 
4,942,1 12, etc. are proposed, it had the trouble in the film strength of the formed hologram, and a 
refractive-index modulation was not enough, either. Then, it sets to JP,5-107999,A. as the sensitization 
agent which forms a record layer — the constituent of a photopolymer system « that is (**) - a cationic 
polymerization nature compound and (**) — a radical polymerization nature compound and the optical 
radical polymerization initiator system to which the polymerization of said (Ha) (b) is carried out - And 
a constituent with the refractive index of an average of said (b) lower than the refractive index of an 
average of said (b) is proposed, including each component of the cationic initiator system to which the 
polymerization of (d) aforementioned (b) is carried out, and according to the activity of this constituent 
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It is supposed that the hologram excellent in diffraction efficiency, wavelength selectivity, a refractive- 
index modulation, coat reinforcement, etc. will be obtained. 

[0006] However, the constituent of a photopolymer system consists of only organic materials, and there 
was a problem that it was difficult to add new functions, such as a nonlinear optics property, still 
insufficiently about a mechanical strength and environmental stability. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention has a hologram with high 
diffraction efficiency in offering the constituent for volume holograms formed permanently by 
distributing a non-subtlety particle in a functionality compound. 
[0008] 

[Means for Solving the Problem] The summary of this invention is a constituent for volume hologram 
record which records the interference fringe produced by interference of a coherent light according to 
the difference of a refractive index, and consists in the constituent for volume hologram record 
characterized by including the compound (functionality compound) which has the functional group in 
which the (a) polymerization is possible one or more, (b) photopolymerization initiator, and a (c) non- 
subtlety particle. 

[0009] Another summary of this invention consists in the volume hologram record medium 

characterized by including this constituent. 

[0010] 

[Embodiment of the Invention] The constituent for volume hologram record of this invention consists of 
the compound which has one or more functional groups in which the (a) polymerization is possible at 
least, a photopolymerization initiator (a component (b) may be called hereafter) which makes the 
polymerization of (component (a) or a functionality compound, and a functionality monomer may be 
called hereafter) and the (b) aforementioned component (a) start, and a (c) non-subtlety particle (a 
component (b) may be called hereafter). 

[001 1] According to this invention, a hologram with high diffraction efficiency can offer the constituent 
for volume holograms formed permanently by distributing a non-subtlety particle in a functionality 
compound. In order to obtain a hologram with high diffraction efficiency, it is necessary to enlarge the 
refractive-index difference of the field which is equivalent to the bright section of an interference fringe, 
and the field which hits dark space. 

[0012] Although the constituent which consists of two or more functionality monomers from which a 
refractive index differs conventionally, the constituent which consists of the liquefied organic substance 
and a functionality monomer were known as a constituent for volume hologram record, since the 
refractive index of the organic substance was usually restricted to 1.3 to about 1.6, the limitation was in 
the combination of the organic substance to enlarge a refractive-index difference. On the other hand, the 
non-subtlety particle which consists of a dielectric, a semi-conductor, a metal, etc. has various refractive 
indexes, and there is also much with a refractive indexes of two or more matter. For this reason, also in 
combination with the organic substance, a large refractive-index difference can be taken, therefore the 
hologram with the high rate of the diffracted light can be obtained. 

[0013] Moreover, generally, the constituent for volume hologram record which consists only of the 
conventional organic substance had the low mechanical strength, and had the inclination for 
environmental stability, a nonlinear optics property, etc. to be inferior. According to this invention, the 
features, such as a high mechanical strength which a non-subtlety particle has, high environmental 
stability, and an outstanding nonlinear optics property, can also be added to the constituent for volume 
holograms of a photopolymer system by making a non-subtlety particle contain. 

[0014] When the high ultraviolet-rays cutoff function can be given especially when a metallic oxide is 
used as a non-subtlety particle, and a semi-conductor particle is used, a nonlinear optics property can be 
given. That is, according to this invention, the constituent for volume hologram record and volume 
hologram record medium which have the ease of various functions which a non-subtlety particle has, the 
workability which a macromolecule has, and a moldability can be offered by distributing a non-subtlety 
particle in a functionality monomer. 
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[001 5] Next, the hologram record approach of the record medium using the constituent for volume 
hologram record of this invention is explained. Although a record principle is not clear, it guesses as 
follows. First, if two laser light is irradiated simultaneously at a medium, the interference fringe with 
which a bright section and dark space are located in a line in the shape of stripes will be formed on a 
medium. Then, in the bright section of a medium, the functionality monomer (functionality compound) 
of (a) starts a polymerization, and the functionality monomer concentration of a bright section falls. 
According to it, the concentration gradient of a functionality monomer arises in dark space and a bright 
section, a functionality monomer is moved and supplied to a bright section from dark space, and a 
polymerization progresses further. 

[0016] A non-subtlety particle moves to substitution from a bright section at dark space. And a bias 
occurs in distribution of a non-subtlety particle in a bright section and dark space. Furthermore, if a 
certain amount of time amount passes, eventually, also in dark space, the polymerization of a 
functionality monomer will progress and the whole record layer of a medium will serve as a polymer. 
Thus, corresponding to dark space, stripes-like distribution of a non-subtlety particle can be performed 
into the polymer of a functionality monomer. Since the refractive index of a non-subtlety particle differs 
from the refractive index of the polymerization condition of a functionality monomer, refractive-index 
distribution is made in a record layer, and a hologram is recorded. At the time of playback, if playback 
light is irradiated to the field in which this interference fringe was formed, diffraction will take place and 
a hologram image will be reproduced. 

[0017] Hereafter, the configuration of the constituent for volume hologram record of this invention is 
explained to a detail. A component (a) contains for example, an ethylene nature unsaturated compound. 
This ethylene nature unsaturated compound is a compound which has in intramolecular at least one 
ethylene nature unsaturated bond of radical polymerization nature which carries out addition 
polymerization according to an operation of the photopolymerization initiator of a component (b), and 
which is constructed for which a bridge and hardened by the case. In addition, the place which the 
sensitive compound in this invention means is a concept which faces the so-called polymeric material, 
therefore also includes the duplicitas, a trimer, and oligomer in addition to a monomer (monomer) in a 
narrow sense. 

[0018] The ester obtained as a functionality monomer which has an ethylene nature unsaturated bond by 
the esterification reaction with multiple-valued hydroxy compounds, such as unsaturated carboxylic 
acid, the ester; unsaturated carboxylic acid and the multiple-valued carboxylic acid of the ester; aromatic 
series polyhydroxy compound of an aliphatic series polyhydroxy compound and unsaturated carboxylic 
acid and unsaturated carboxylic acid and the above-mentioned aliphatic series polyhydroxy compound, 
and an aromatic series polyhydroxy compound, is mentioned. 

[0019] Although definition is not carried out, the ester of said aliphatic series polyhydroxy compound 
and unsaturated carboxylic acid as an example Ethylene glycol diacrylate, triethylene glycol diacrylate, 
Trimethylolpropane triacrylate, trimethylol triacrylate, Pentaerythritol diacrylate, a pentaerythritol thoria 
chestnut rate, Pentaerythritol tetraacrylate, dipentaerythritol tetraacrylate, Dipentaerythritol 
pentaacrylate, dipentaerythritol hexaacrylate, Acrylic ester, such as glycerol acrylate, the methacrylic 
ester which replaced the acrylate of these instantiation compound with methacrylate, There is maleate 
ester replaced with the itaconic-acid ester similarly replaced with itaconate, the crotonic-acid ester 
replaced with crotonate, or maleate. 

[0020] As ester of an aromatic series polyhydroxy compound and unsaturated carboxylic acid, 
hydroquinone diacrylate, hydroquinone dimethacrylate, resorcinol diacrylate, resorcinol dimethacrylate, 
a pyrogallol thoria chestnut rate, etc. are mentioned. As ester obtained by the esterification reaction with 
unsaturated carboxylic acid, a multiple-valued carboxylic acid, and a multiple-valued hydroxy 
compound, although there is nothing, if a typical example is given by the single object, there is not 
necessarily a condensate of the condensate of an acrylic acid, a phthalic acid and the condensate of 
ethylene glycol, an acrylic acid, a maleic acid and the condensate of a diethylene glycol, a methacrylic 
acid, a terephthalic acid, and pentaerythritol, an acrylic acid, an adipic acid, butanediol, and a glycerol 
etc. 
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[0021] In addition to the above ester system (meta) acrylate, there are so-called urethane system (meta) 
acrylate, epoxy system (meta) acrylate, etc. The former can be prepared by the addition reaction of 
multiple-valued isocyanate and hydroxy acrylic ester, and the latter can be prepared by the addition 
reaction of a multiple-valued epoxy compound and hydroxy acrylic ester. 

[0022] In addition, as an example of the ethylene nature unsaturated compound used for this invention, 
vinyl group content compounds, such as allyl ester; divinyl phthalate [, such as acrylamide; diallyl 
phthalate, ], such as ethylene bis-acrylamide, etc. are useful. Especially in this invention, the monomer 
of acrylic ester or methacrylic ester is desirable also in an ethylene nature unsaturated compound. 
[0023] Each functionality monomer may be used independently, and even if it mixes and uses if needed, 
it is not cared about. Although a component (b) is the polymerization initiator which makes the 
polymerization of the functionality monomer of a component (a) start and there is a polymerization 
initiator of a cation system etc., it is desirable that it is an optical radical polymerization initiator 
especially. An optical radical polymerization initiator generates an activity radical by the light for the 
first exposure for hologram production. 

[0024] As a radical polymerization initiator, if it functions as a polymerization initiator of a component 
(a), although especially the matter is not limited, an azo system compound, an azide system compound, 
organic peroxide, onium salts, a bis-imidazole derivative, a titanocene compound, iodonium salt, organic 
thiol compounds, a halogenated hydrocarbon derivative, etc. will be used, for example. A titanocene 
compound is [ among these ] desirable. 

[0025] Although especially definition is not carried out, this titanocene compound specifically G 
cyclopentadienyl-Ti-G chloride, G cyclopentadienyl-Ti-screw-phenyl, G cyclopentadienyl-Ti-screw - 2, 
3, 4, 5, 6-pentafluoro FENI-1-IRU, Dicyclopentadienyl-Ti-screw - 2, 3, 5, 6-tetrafluoro FENI-1-IRU, G 
cyclopentadienyl-Ti-screw - 2, 4, 6-trifluoro FENI-1-IRU, The G cyclopentadienyl-Ti-screw -2, 6-G 
fluoro FENI-1-IRU, The G cyclopentadienyl-Ti-screw -2, 4-G fluoro FENI-1-IRU, G 
methylcyclopentadienyl-Ti-screw - 2, 3, 4, 5, 6-pentafluoro FENI-1-IRU, G methylcyclopentadienyl-Ti- 
screw - 2, 3, 5, 6-tetrafluoro FENI-1-IRU, The G methylcyclopentadienyl-Ti-screw -2, 6-difluoro FENI- 
1-IRU, the G cyclopentadienyl-Ti-screw -2, 6-difluoro - 3 -(pill-l-IRU)- FENI-1-IRU etc. can be 
mentioned. 

[0026] The optical radical polymerization initiator of this invention may be used combining the 
sensitizer which is the component which absorbs light, although you may use independently. As an 
example of a desirable sensitizer, it is 2 and 6-diethyl, for example. - 1, 3, 5, 7, 8- | 
pentamethylpyromethene-BF2 complex, 1, 3, 5, 7, and 8-pentamethylpyromethene-BF2 A 
PIROMETEN complex like a complex; [ Eosine, ] The ethyl eosin, erythrosine, a fluorescein, Xanthene 
dye; 1-(1 -methyl [1 and 2-naphth d] thiazole-2(lH)-ylidene-4-(2, 3, 6, 7) tetrahydro-lH and 5H-benzo 
[ij] kino lysine-9-IRU)-3-butene-2-ON like a rose bengal, 1- (keto thiazoline system compound; like 3- 
methyl benzothiazole-2(3H)-ylidene-4-(p-dimethylamino phenyl)-3-butene-2-ON - a 2-(p- 
dimethylaminostyryl)-[l and 2-naphth d] thiazole --) Styryl like a 2-[4-(p-dimethylamino phenyl)-l and 
3-swine dienyl]-[l and 2-naphth d] thiazole, or a phenyl swine dienyl heterocyclic compound; 2, 4- 
diphenyl -6 -(p-dimethylaminostyryl)- 1,3,5-triazine, 2, 4-diphenyl-6- () ([2, 3, 6, 7] Tetrahydro - 1H) 
5H-benzo [ij] kino lysine-9-IRU-l-ethene-2-IRU - 1, 3, a Nance Lil-([2, 3, 6, 7] tetrahydro-lH and 5H- 
benzo [ij] kino lysine-9-IRU) (-l-ethene-2-IRU) ketone like 5-triazon, 2, an aminophenyl partial 
saturation ketone compound like 5-screw (p-dimethylamino thinner millimeter DIN) cyclopentanone; 
Pori Phi Lynne like 5, 10, 15, 20 tetra-phenyl porphyrin, and hemato poly FIRIN can be mentioned. As 
mentioned above, although the suitable sensitizer was illustrated, especially a PIROMETEN complex is 
[ among these ] desirable. 

[0027] As mentioned above, in order that a sensitizer may absorb visible laser light, a colored compound 
like coloring matter is used in many cases, but as a sensitizer in case transparent and colorless nature is 
required of a final hologram, the activity of cyanine system coloring matter which is indicated by a 
Provisional-Publication-No. No. 29803 [ 58 to ] official report, JP,1-287105,A, and JP,3-5569,A is 
desirable (for example, when using it as HUDs, such as an automobile). 

[0028] Moreover, when a titanocene compound is used as an optical radical generating agent, it is 
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desirable to use a PIROMETEN compound as a sensitizer. As for the non-subtlety particle of a 
component (c), it is desirable that there is a 0.01 more than refractive-index difference with the 
polymerization condition of the functionality monomer of a component (a). In case a functionality 
monomer carries out the polymerization of this by hologram exposure, in order that it may enlarge a 
final refractive-index modulation, the refractive-index difference of a non-subtlety particle and a 
functionality monomer polymerization condition is because the larger one is desirable. It is 0.03 or more 
more preferably. , 

[0029] However, as for this refractive-index difference, it is desirable that it is 1.3 or less. When light 
scattering is taken into consideration, it is because it is necessary to make particle size small, so that a 
refractive-index difference is large. It is 1 .1 or less more preferably. In this invention, "the 
polymerization condition of a functionality monomer" means the condition that the functionality 
monomer had carried out the polymerization nearly thoroughly. 

[0030] Particle size of the non-subtlety particle of a component (c) is set to 400nm or less. When not 
much large, it is because it lifting-comes to be easy of light scattering. It may be 200nm or less more 
preferably. Although particle size is so desirable that it is small, since manufacture is difficult, it is 
restricted to a actual top and lnm or more, so that it is small. Moreover, since the refractive index in a 
volume hologram constituent is determined by the volume ratio of a constituent, the refractive-index 
difference which can be attained, so that the volume ratio of a non-subtlety particle to the volume of a 
resinous principle is large becomes large. Therefore, more than 3 volume % of the rate of said non- 
subtlety particle in a polymerization condition and said non-subtlety particle occupied for the sum total 
volume of a resinous principle is desirable, and it is more than 5 volume % more preferably. 
[0031] However, since it will be hard coming to distribute if many [ there is a limitation in the amount 
of the non-subtlety particle which can be distributed in a constituent and / not much ], below 50 volume 
% is desirable and it is below 40 volume % more preferably. Here, although a resinous principle is the 
functionality monomer of (a), when a volume hologram constituent contains binder resin, it points out 
the functionality monomer and binder resin of (a). 

[0032] Although it will not be limited especially if it is the non-subtlety particle which can attain the 
object of this invention as a component (c) For example, titanium oxide, silicon oxide, a zinc oxide, an 
aluminum oxide, antimony oxide, Chromic oxide, cerium oxide, an oxidization yttrium, a zirconium 
dioxide, The tin oxide, copper oxide, an iron oxide, a magnesium oxide, manganese oxide, an oxidation 
holmium, The bisumuth oxide, cobalt oxide, an oxidization erbium, an oxidization gadolinium, Metallic 
oxides, such as indium oxide, nickel oxide, a strontium oxide, and an oxidization ytterbium; Silicon 
nitride, Nitrides, such as titanium nitride, zirconium nitride, and niobium nitride; Silicon carbide, 
Dielectric particles, such as carbide, such as titanium carbide, carbonization molybdenum, and tungsten 
carbide, IV group semi-conductors, such as Si and germanium, CdS, CdSe, ZnSe, CdTe, II-VI group 
semi-conductor particles, such as ZnS, HgS, and HgSe, GaAs, IV-VI group semi-conductor particles, 
such as III-V group semi-conductor particles, such as InP and InSb, PbS, and PbSe, It is metal particles, 
such as gold, silver, copper, nickel, aluminum, iron, cobalt, a tungsten, molybdenum, and niobium, etc., 
and especially definition will not be carried out if the distribution to homogeneity is possible to a 
functionality monomer. 

[0033] In order to carry out homogeneity distribution, it is desirable to process a front face for dispersant 
addition etc. after chemical modification or particle creation at the time of particle production. Even if 
the aforementioned particle is independent, it can also use a mixture or complex. Moreover, what has a 
photocatalysis like titanium oxide may process coating a front face with a silicon compound etc. if 
needed etc., in order to prevent that resin is disassembled by the reaction. 

[0034] Additives, such as a sensitizer, a chain transfer agent, a plasticizer, and a coloring agent, may be 
added to the record layer in the volume hologram record medium of this invention if needed besides 
above-mentioned component (a) - (c). Moreover, the homogeneity of thickness is given, and in order to 
make the interference film formed by the polymerization in an optical exposure exist in stability, binder 
resin may be added as a binding material. 

[0035] As for binder resin, what has a good functionality monomer and compatibility is desirable, and 
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the copolymer of chlorinated polyethylene, polymethylmethacrylate, methyl methacrylate, and other 
acrylic-acid (meta) alkyl ester, the copolymer of a vinyl chloride and acrylonitrile, polyvinyl acetate, 
polyvinyl alcohol, a polyvinyl formal, a polyvinyl butyral, a polyvinyl pyrrolidone, ethyl cellulose, an 
acetyl cellulose, etc. are mentioned as the example. 

[0036] For making a volume hologram record medium using the constituent for volume hologram 
record of this invention, if needed, it mixes with a sensitizer and binder resin, and a component (a), a 
component (b), and a component (c) are applied on a transparence base material with a non-solvent as it 
is, or a solvent or an additive may be added to such mixture, and you may mix, and this is applied on a 
base material, it dries, and a record layer is formed. Then, the protective layer for a transparence base 
material or oxygen cutoff can also be prepared on a record layer. 

[0037] Although there will be especially no limit if it has sufficient solubility to an activity component 
as the solvent and good paint film nature is given For example, methyl cellosolve, ethylcellosolve, 
methyl-cellosolve acetate, Cellosolve system solvents, such as ethylcellosolve acetate, propylene glycol 
monomethyl ether, The propylene glycol monoethyl ether, the propylene glycol monobutyl ether, 
Propylene-glycol-monomethyl-ether acetate, propylene glycol monoethyl ether acetate, Propylene glycol 
system solvents, such as propylene glycol monobutyl ether acetate and dipropylene glycol wood ether, 
Butyl acetate, amyl acetate, ethyl acetate, butyl acetate, a diethyl OKISA rate, Pyruvic-acid ethyl and 
ethyl-2-hydroxy butyrate ethyl acetoacetate, Ester solvents, such as methyl lactate, ethyl lactate, and 3- 
methoxy methyl propionate, A butanol, heptanol, a hexanol, diacetone alcohol, Alcohols solvents, such 
as furfuryl alcohol, methyl isobutyl ketone, High polar solvents, such as ketones, such as a 
cyclohexanone and methyl amyl ketone, dimethylformamide, and a dimethylacetamide N-methyl 
pyrrolidone, or these partially aromatic solvents, the thing that added aromatic hydrocarbon are further 
mentioned to these. The range of the rate of a solvent activity is usually about 1 to 20 times in a weight 
ratio to the total amount of the volume hologram constituent of this operation gestalt. 
[0038] As a transparence base material, a transparent glass plate, an acrylic board, a polyethylene 
terephthalate film, a polyethylene film, etc. are used. As the method of application, a well-known 
approach, for example, revolution spreading, wire bar spreading, DIP spreading, the Ayr knife 
spreading, roll coating, blade spreading, curtain spreading, etc. can be used conventionally. 
[0039] Spreading of the well-known technique for preventing adverse effects by oxygen, such as 
sensibility lowering and degradation of preservation stability, as a protective layer, for example, a water- 
soluble polymer etc., can also be used. A volume hologram record medium can be used for the bulk 
memory of three-dimensions image display, an image, and bit information and a diffracted-light study 
component, and others. 
[0040] 

[Example] Next, an example is given and this invention is explained more concretely. 
(Example 1) 

Functionality monomer (the following compound (I)) 5g Silica (Si02) particle 5g Photopolymerization 
initiator (the following titanocene compound (II)) O.lg Solvent (toluene) 45g [0041] 




[0042] 
[Formula 2] 
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The refractive index [ in / in the refractive index of a silica particle / the polymerization condition of 
1.46 and a functionality monomer (I) ] was 1.60, and both refractive-index difference was 0.14. Since 
the consistencies of a silica particle are 2.1 g/cm3, the volume is 5/2.1=2.38cm3. Since the consistencies 
in the polymerization condition of a functionality monomer (I) are 1.25 g/cm3, the volume is 
5/1 .25=4cm3. Therefore, the rate of a silica particle and the silica particle occupied for the volume of the 
polymerization condition of a functionality monomer (I) was 2.38/(2.38+4) =0.37.3, 37.3 [ i.e., ], 
volume %. 

[0043] The above mixture was agitated in the room temperature, the supersonic wave was applied 
further, and it distributed enough. When the particle size of the silica particle in dispersion liquid was 
measured with the micro truck UPA particle-size-distribution plan (product made from 
LEED&NORTHRUP) by the Doppler scattering-about method, it was 97.1nm in the middle value. 
Subsequently, the polyethylene terephthalate film with a thickness of 50 micrometers was stuck on the 
both ends of slide glass as a spacer, the above-mentioned mixture was dropped in the center of slide 
glass (field inserted into the spacer), in reduced pressure oven, reduced pressure drying was carried out 
for 10 minutes, and 80 degrees C of record layers were formed. Then, slide glass was put and the 
volume hologram record medium was produced. 

[0044] To this record medium, with the equipment shown in drawing 1 , two-beam-interference 
exposure was performed and record of a volume hologram was tried. Two-beam-interference exposure 
was performed by exposure power density 5 mW/cm2 to the medium 1 using Ar ion laser 2 with a 
wavelength of 514.5nm. The light which carried out outgoing radiation from Ar ion laser 2 is divided 
into two by the half mirror 4 through the beam expander 3, a medium 1 irradiates through mirrors 5 and 
6, respectively, the interference fringe of both light is recorded, and a hologram is formed. 
[0045] by irradiating simultaneously He Ne laser 7 which is the wavelength of 632. 8nm which a 
medium 1 does not expose at a medium 1, and detecting the diffracted light with a photodetector 10, it 
came out, and acted as the monitor of like a hologram formation fault, and diffraction efficiency was 
evaluated. The graph showing change by the time amount of the diffraction efficiency of this sample is 
shown in drawing 2 . Diffraction efficiency increased rapidly, and reached to 30% in about 50 seconds, 
and, also after that, high diffraction efficiency was maintained. That is, it has checked that the hologram 
of about 30% of diffraction efficiency was formed permanently. 
[0046] 
(Example 2) 

Functionality monomer (the following compound (III)) 8g Titania (Ti02) particle 17g 
Photopolymerization initiator (the above-mentioned titanocene compound (II)) 0.08g Solvent (partially 
aromatic solvent of methyl isobutyl ketone and a butanol (4:1)) 75g [0047] 
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[Formula 3] 

The refractive index [ in / in the refractive index of a titania particle / the polymerization condition of 
2.55 and a functionality monomer (III) ] was 1.53, and both refractive-index difference was 1.02. Since 
the consistencies of a titania particle are 3.95 g/cm3, the volume is 17/3.95=4.30cm3. Since the 
consistencies in the polymerization condition of a functionality monomer (III) are 1.16 g/cm3, the 
volume is 8/1 .16=6.90cm3. Therefore, the rate of a titania particle and the titania particle occupied for 
the volume of the polymerization condition of a functionality monomer (III) was 4.30/(4.30+6.90) 
=0.384, i.e., 38.4 volume, %. 

[0048] The above-mentioned mixture was agitated in the room temperature, the supersonic wave was 
applied further, and it distributed enough. The particle size of the titania particle in dispersion liquid was 
measured with the micro truck UPA particle-size-distribution plan (product made from 
LEED&NORTHRUP) by the Doppler scattering-about method, and was 66.8nm in the middle value. 
Subsequently, the polyethylene terephthalate film with a thickness of 50 micrometers was stuck on the 
both ends of slide glass as a spacer, the above-mentioned mixture was dropped in the center of slide 
glass (field inserted into the spacer), in reduced pressure oven, reduced pressure drying was carried out 
for 10 minutes, and 40 degrees C of record layers were formed. Then, slide glass was put and the 
volume hologram record medium was produced. 

[0049] To this record medium, with the equipment shown in drawing 1 , two-beam-interference 
exposure was performed like the example 1, and record of a volume hologram was tried, by irradiating 
simultaneously He Ne laser 7 which is the wavelength of 632. 8nm which a medium 1 does not expose at 
a medium 1 , and detecting the diffracted light with a photodetector 1 0, it came out, and acted as the 
monitor of like a hologram formation fault, and diffraction efficiency was evaluated. Consequently, it 
has checked that the hologram of about 30% of diffraction efficiency was formed permanently. 
[0050] (Example of a comparison) The volume hologram record medium was produced like the example 
1 except a silica (Si02) particle not being included. To this medium, with the equipment shown in 
drawing 1 , two-beam-interference exposure was performed like the example 1, and record of a volume 
hologram was tried. The graph showing change by the time amount of the diffraction efficiency of this 
sample is shown in drawing 2 . Although diffraction efficiency once improves, it falls with the passage 
of time, and it will almost disappear eventually. Since this is a functionality monomer single component, 
if the whole carries out a polymerization, it supports that a refractive-index modulation disappears. 
[0051] 

[Effect of the Invention] According to this invention, the constituent for volume hologram record and 
volume hologram record medium which have the ease of various functions which a non-subtlety particle 
has, the workability which a macromolecule has, and a moldability can be offered by distributing a non- 
subtlety particle in a functionality monomer. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/1 7/2004 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The constituent for volume hologram record characterized by including the compound 
(functionality compound) which is a constituent for volume hologram record which records the 
interference fringe produced by interference of a coherent light according to the difference of a 
refractive index, and has the functional group in which the (a) polymerization is possible one or more, 
(b) photopolymerization initiator, and a (c) non-subtlety particle. 

[Claim 2] The constituent for volume hologram record according to claim 1 whose differences of the 
refractive index of said non-subtlety particle and the refractive index of the polymerization condition of 
said functionality compound are 0.01 or more and 1.3 or less. 

[Claim 3] Said non-subtlety particle is a constituent for volume hologram record according to claim 1 or 
2 whose particle size is lnm or more and 400nm or less. 

[Claim 4] The constituent for volume hologram record according to claim 1 to 3 whose rate of said non- 
subtlety particle in a polymerization condition and said non-subtlety particle occupied for the sum total 
volume of a resinous principle is below 50 volume % more than 3 volume %. 
[Claim 5] The volume hologram record medium characterized by a record layer containing the 
constituent of a publication in claim 1 thru/or any 1 term of 4. 

[Claim 6] The volume hologram record medium according to claim 5 characterized by having a 
transparence base on both sides of a record layer. 
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DRAWINGS 
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